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ABSTRACT 

We report the discovery of PM J13420-3415, a faint (V=17) white dwarf with a very high proper motion 
[i = 2.55" yr" 1 . The star was found in the southern sky extension of the SUPERBLINK proper motion survey. 
A red spectrum shows the classical signature of a DA white dwarf, with a weak Ha line in absorption as the only 
prominent feature. The star is also found to have a large radial velocity V m d = +212 ± 15km s~ l . At the adopted 
distance of 18pc, the star has a very large space motion of 313 km s" 1 relative to the Sun. An integration of the 
space motion shows that the star is on a nearly polar Galactic orbit, and is thus an unambiguous member of the 
Galactic halo. However, with an estimated effective temperature 5,000^ < T e /f < 5,500^, the white dwarf 
appears to be much younger than expected for a denizen of the halo. The apparent paradox can be explained if 
the white dwarf is the relatively young (~ 2Gyr) remnant of a longer-lived (10- 14Gyr) main sequence star, in 
which case the object is predicted to be a low-mass white dwarf with M w 0.45M Q . 

Subject headings: astrometry — white dwarfs — solar neighborhood — Galaxy: halo — Galaxy: stellar content 



1. INTRODUCTION 

Halo white dwarfs are expected to be found in the Solar 
Neighborhood (d < 25 pc) as faint stars with very large proper 
motions. While their number density is predicted to be low 
(~2x 10~ 5 pc" 3 ), the empirical determination of their density 
and luminosity function has significant implications for the 
formation and evolution of the Galaxy. Halo white dwarfs 
are a candidate for baryonic dark matter ( Ibata et al . 2000); 
they can also be used to co nstrain the age of the galactic halo 
(Fontaine. Brassard. & Berger onl2001l) . 

Unfortunately, the current census of halo white dwarfs in 
the Neighborhood of the Sun is limited to a small number of 
candidate objects, and is probably very much incomplete at 
this time. A sample of only six candid ate halo white dwarfs 
was originally assembled by Lieb ert. Dahn. & Monetl (119891) 
out of t he very high prop er motion stars listed in the LHS cat- 
alog of Luvten (1979a). Few additional high velocity white 
dwarfs were identified in subsequent proper motion surveys. 
A pair of cool (4000K), common pro per motion (ix = 1 .9 " 
yr" 1 ) white dwarfs was discovered by IScholz et al\ ll2002l) . 
but their status as halo objects remain uncertain. A group of 
38 high proper motion white dwarfs were ide ntified in a sur- 
vey of the south Galactic cap ( Oppenheimer et al. 2001), but 
their h alo memb ership is unde r debate, as reviewed in Koester 
(2003)and lHansen & Liebertl (120031) . The main objections are 
based on the apparent youn g age of the group, m ore consis- 
tent with a disk population (e.g. Bergeron 1993), and about 
proper motion selection effects, which suggest that most or 
all the star s in the group are extrem e members of the Galactic 
thick disk ( le.g. Spagnaef a/.l2005l) . 

An independent approach to finding halo white dwarfs is 
based on the identificatio n of very old, ultra -cool objects from 
multiband photometry (iGates et al\ 12004)) . It remains true, 
however, that any population of white dwarfs can only be reli- 
ably associated with the Galactic halo based on the kinematics 
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of the group, which does require proper assessment of their 
radial velocities, distances, and proper motions. 

In this Letter, we report the identification of a faint white 
dwarf with a very high proper motion (p, = 2.55" yr" 1 ) and 
large radial velocity {V rac i = +212km s" 1 ). The highly proba- 
ble halo membership of this white dwarf is discussed in terms 
of its extreme kinematics and debated with respect to its ap- 
parently young age. 

2. PROPER MOTION DISCOVERY AND PHOTOMETRY 

The high proper motion star PM J 13420-34 15 was discov- 
ered as part of the SUPERBLINK survey for high proper mo- 
tion objects in the Digitized Sk y Survey (DSS) , recently ex- 
tended to southern declinations Lepine (2005a). A detailed 
descrip tion of the survey method is found in Lepi ne. & Sharal 
(2005). The star was found by the SUPERBLINK software 
after analysis of scans of SERC-J (blue) and SERC-SR (red) 
photographic survey plates, separated by 16 years. A search 
for additional sightings of the star yielded positive identifica- 
tion in one SERC-I plate (also in the DSS), and in a 2MASS 
survey image. Figure 1 displays the discovery field at four 
different epochs spanning almost 25 years. 

A proper motion of 2.55" yr" 1 is calculated based on the 
position of the star on the SERC-J DSS scan, used as the first 
epoch, and its position record ed in the 2 MASS All-Sky Cat- 
alog of Point Sources (ICutri et aZ.ll2003l) . used as the second 
epoch. We derive a transformation from the DSS scan XY po- 
sitions into the 2MASS J2000 coordinate system by using a 
set of 5 moderately bright (13<7<16) reference stars within 
1.5' of PM J13420-3415. The XY position of PM J13420- 
3415 on the DSS scan was then transformed into its corre- 
sponding J2000 coordinates in the 2MASS reference frame. 
We calculate a proper motion of -2.275" yr" 1 in the direction 
of R. A., and 1.145" yr" 1 in the direction of Decl., both with an 
estimated error of 0.012" yr" 1 . Data on the star are compiled 
in Table 1 . 

Photometry is obtained from the 2MASS All-S ky Ca talog 
and from the USNO-B1.0 catalog ( iMonet et aZ.l 120031) . In 
USNO-B1.0, the star matches the source 0557-0303180. Al- 
though this source is not listed in the USNO-B 1 .0 as having 
any proper motion, 0557-0303180 clearly matches the posi- 
tion of PM J13420-3415 at the epoch of the SERC-SR plate. 
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FIG. 1. — Four different sightings of the new high proper motion white 
dwarf PM J13420-3415 (/x=2.55" yr" 1 ). The position of the star is marked 
with a circle. Upper left: SERC-J photographic survey, blue band (II- 
IaJ+GG395). Upper right SERC-I photographic survey, near-infrared band 
(IVN+RG715). Lower left: SERC-SR photographic survey, red band (II- 
IaF+GG395). Lower right: 2MASS infrared CCD survey (J band image 
shown). The epoch of each survey image is noted on the lower right. Each 
field is 3.15' on the side. 



TABLE 1 
Basic Data for PM J13420-3415 



Datum 


Value 


Units 


RA (2000.0) 


13 42 2.84 


h:m:s 


DEC (2000.0) 


-34 15 19.1 


d:m:s 




-2.275 


"yr 1 




1.145 


" yr 1 


Vrad 


+212 ±15 


km s 


By 1 


17.5 ±0.3 


mag 


R^ 1 


16.1 ±0.3 


mag 


J 2 


15.00±0.02 


mag 


H 2 


14.75±0.02 


mag 


K s 2 


14.65±0.03 


mag 


Spectral Type 


DA9.5 




Distance 


18+' 


pc 


U 


+62 


km s 


V 


-211 


km s 


W 


+233 


km s 



Photographic blue (Ilia J) and red (IIIoF) magnitudes from USNO B-1.0 catalog. 
2 Infrared J, H, and K s magnitudes from 2MASS All-Sky Catalog of Point Sources. 



The source has a blue photographic magnitude Bj = 17.48 and 
a red photographic magnitude Rf = 16.12. These are consis- 
tent with a visual magnitude V ~ Bj-0.46(Bj-R f ) = 16.85, 
with an uncertainty of 0.3 mag. In the 2MASS All-Sky Point 
Source Catalog, PM J 13420-34 15 is a match to the point 
source 2MASS J13420283-3415190, whichhas infrared mag- 
nitudes J=15.00, H=14.75, and K>14.65. 

With a color index V-J=1.85, PM J13420-3415 is bluer 
than most faint stars with very high proper motions. Figure 
2 shows the position of PM J 13420-34 15 in the [H V ,V-J] 
reduced proper motion diagram. For comparison, the dia- 
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FIG. 2. — Reduced proper motion diagram, with PM J13420-3415 super- 
posed on the distribution of > 0.5" yr -1 stars from the LSPM-north catalog. 
PM J13420-3415 lies well into the locus of (cool) white dwarfs. 



gram also show s the 2,194 stars in the LSPM-north proper 
motion catalog (Le pine. & Sharal 12005) that have /i > 0.5" 
yr" 1 . With its blue color and large proper motion, PM J 1 3420- 
3415 clearly falls into the locus of the white dwarfs, amidst 
the cooler, low-luminosity bodies. 

3. SPECTROSCOPY, DISTANCE, AND KINEMATICS 

Spectroscopy was performed on the night of 26 June 2005 
with the 4m Mayall telescope on Kitt Peak. A spectrum 
of PM J 13420-34 15 was obtained with the RC Spectro- 
graph equipped with the LB1A thick CCD. We used the 316 
1/mm grating blazed at 7500A, with an GG550 order block- 
ing filter, and a slit of 1.5" giving a spectral resolution of 
1.74Apixel _I . Standard spectral reduction was performed 
with IRAF using the CCDPROC and SPECRED packages, 
including removal of telluric features. The spectrophotomet- 
ric calibration is based on observations of four standards from 
Mass ev"& GronwaTil i ll 9901) . The target and standards were all 
observed with a slit angle within 15 degrees of the parallactic 
angle, so as to minimize slit loss due to atmospheric diffrac- 
tion. 

The spectrum bears the signature of a cool, hydrogen white 
dwarf (Figure 3). The only prominent feature is a shallow Ha 
absorption line. The line is quite broad, with a full width at 
half maximum of 21 ± 2 A, and an equivalent width of 2.9A. 
The spectral energy distribution appears rugged at the 5% 
level, with broad bumps and troughs: these are possibly resid- 
uals from the removal of sky lines and/or correction for tel- 
luric absorption features. The star was observed at an airmass 
of k 2.6, and both sky lines and telluric absorption in that 
wavelength range were significant, with corrections suscepti- 
ble to large errors. 

We classify PM J 13420-34 15 as a hydrogen white dwarf 
with spectral subtype DA9.5. A blackbody fit to the spec- 
trum best matches an effective temperature T e ff = 5500/^. The 
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FIG. 3. — Red optical spectrum of PM J 13420-3415, with a clear detec- 
tion of Ha in absorption. The spectral energy distribution matches that of 
a r,,^=5500K blackbody (dashed curve). A radial velocity of +212±15 km 
8 is derived from the shift in the Ha line. 



weakness of Ha is however consistent with a slightly cooler 
T e ff. A compa rison with the model s and o bservations pre- 
sented in Bergeron, Ruiz, & Leggett ( 1997) shows the Ha 
profile to be comparable to those of DA white dwarfs with 
T e ff in the 5200K-5500Krange. This temperature scale is cor- 
roborated by the photome try, based on a comparison w ith the 
atmosp heric models of iBergeroriTW esemael. & Beauchamp 
(1995). A derivation of CIT color indices from 2MASS 
JHK S magnitudes 4 yield V-K aT = 2.18, J C it-H C it = 0.274, 
and Hcit-Kcit = 0.062 for PM J13420-3415. With aU 
weights equal, these values are most consistent with the 
T eff = 5000/T atmospheric model (V - Z OT =1.828, Jcrr~ 
ffc/r=0.243, Hcit - Kcit=0 -056). However, our V magnitude 
is derived from photographic data and is much more uncer- 
tain than the 2MASS infrared magnitudes. With more weight 
on Jcit-Hcit and Hcit-Kcit, PM J 13420-34 15 is more 
consistent with the T eff = 5500/T model (V - K C i T =l -650, 
Jen - Hcit=0- 260, Hen - Kcit=0 -082). It is thus reasonable 
at this time to adopt an intermediate value for T e ff, in line 
with a spectral subtype DA9.5. 

A radial velocity of +212±15 km s" 1 is calculated from the 
observed redshift in the centroid of the Ha absorption line. 
A fit to the line profile is made using splot in IRAF. The ra- 
dial velocity is calibrated with a spectrum of the sdF8 stan- 
dard B P +17 4708, whose radial velocity is known to ±0.5 
km s" 1 ( Latham et al. 2002), and which we observed on the 
same night as PM J 13420-34 15 and with the same instrumen- 
tal setup. The radial velocity for PM J 13420-34 15 includes 
a correction for the expected gravitational redshift. While 
the surfac e gravity of the object is not known precisely at 
this point, Reid ( 1996) finds gravitational redshifts from field 
white dwarfs that are 28.3km s -1 on average, with a dispersion 
of only 3.9km s -1 ; we thus adopt a -28.3km s" 1 correction. A 

4 See the 2MASS documentation at http://www.ipac.caltech.edu/2mass/ 
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error ±15 km s -1 is estimated from the quality of the centroid 
fit, the accuracy of the wavelength calibration, and the disper- 
sion in the range of possible gravitational redshifts. 

From the measured proper motion and radial velocity, the 
full kinematics of PM J 13420-34 15 can be determined based 
on an estimate of the distance. There exists several calibra- 
tions for absolute magnitudes as a function of either color or 
Teff- The relationship defined by (Oppenheimer et al . 2001) 
uses photographic magnitudes Bj and Rf as follows: Mb, = 
12.73 + 2.58(Bj-R F ). Under this calibration, PM J13420- 
3415 has an absolute magnitude Ms, = 16.24, and resides at 
a distance d=17.7pc. A calibration of the [My,V-J] rela- 
tionsh ip for white dw arfs with known trigonometric paral- 
laxes (Lepine 2005a) suggests My = 15.5, which would be 
co nsistent with a distance d=18.6pc. The atm ospheric models 
of (Bergeron. Wesemael. & Beauchamp 1995) suggest My = 
14.62 for T eff = 5500 hydrogen white dwarfs, and My = 15.11 
for T e ff = 5000. An intermediate value would place the star 
at a distance of d=24.9pc. The latter distance scale would 
translate into a huge transverse velocity Vt = 301km s" 1 . A 
more conservative distance scale d rj 18/?c, consistent with 
the two photometric distance estimates above, would yield a 
more modest Vt = 216km s" 1 . 

Using the more conservative distance range, we calculate 
the UVW components of the velocity, where U is the velocity 
in the direction of the Galactic center, V is in the direction of 
Galactic rotation, and W is towards the north Galactic pole. 
We find U = +57km s~\ V = -207km s" 1 , and W = +220km 
s" 1 . These correspond to a total space motion of 307 km s~ l 
relative to the Sun. At the larger distance scale of 25pc, the 
total space motion would be 357 km s~ l . Note that a more 
conservative distance estimate of 15pc still yields a total space 
motion of 287 km s , largely because of the high value of 

Vrad- 

From the adopted UVW velocity components, we integrate 
the Galactic orbita l motio n using the Galactic mass model of 
Daup hole & Colinl ill 9951) . which includes separate terms for 
the bulge, disk, and halo. We use a Runge-Kutta fourth order 
integrator in time steps of 10 3 yr. Figure 4 shows 800 Myr 
integrations (for both the 18pc and 25pc distance estimates) 
of the orbit of the star plotted in the [R,z] plane, where R 
is the galactocentric distance in cylindrical coordinates, and 
z is the distance from the plane. In both cases (and at all 
intermediate distance ranges), the star is found to evolve on 
a nearly circumpolar orbit, overwhelmingly consistent with a 
halo membership. 

4. DISCUSSION AND CONCLUSIONS 

PM J 13420-34 15 largely owes its halo white dwarf status 
to its large component of velocity perpendicular to the Galac- 
tic plane (W > 220k m s" 1 ). Thi s shoul d be contrasted to the 
stars in the Oppenheimer et al. (2001) sample, which have 
W < 100km s" 1 (ISalim et a J2004I). Incidentally, what distin- 
guishes PM J 13420-34 15 from theFOppenhei mer et al.\ ( 120011) 
white dwarfs is that it was discovered in a relatively low 
Galactic latitude field (b = +27), and its W is largely reflected 
in its l arge proper motion. In contrast, the Oppenheimer et al. 
(2001) white dwarfs were found near the south galactic cap, 
and a determination of their W velocity is entirely dependent 
on radial velocity measurements (which cannot be obtained 
for many of them since their spectrum shows no atomic line). 
It is clear that much would be gained from a survey of high 
proper white dwarfs at low Galactic latitudes. Proper motion 
selection would favor stars with large components of W, and 
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FIG. 4. — Integrated Galactic orbital motion of PM J13420-3415, based 
on its estimated local kinematics (UVW velocity components). The orbit is 
displayed in the [R. Z] plane, where R is the galactocentric distance and Z the 
distance from the midplane. The initial UVW are dependent on the estimated 
distance of the star from the Sun: two solutions and given for d=18pc (left), 
and d=25pc (right). In both cases (and for all 18pc < d < 25pc), the star 
evolves on a nearly polar orbit, and is thus clearly a denizen of the Galactic 
halo. Whether the star or its progenitor actually originated in the halo remains 
an open question. 



determination of halo membership would not be as critically 
dependent on the determination of radial velocities. The iden- 
tification of a large sample of white dwarfs on near polar or- 
bits could lift much of the confusion that now exists between 
the thick disk and halo populations. 

But while PM J 13420-34 15 has kinematics so clearly con- 
sistent with a halo membership, its spectral energy distri- 
bution raises questions about the origin its progenitor. One 
would expect a bona fide halo white dwarf to be old, which 
generally means a much cooler T e /f than exhibited by PM 
Jl 3420-3415. The luminosity function of halo white dwarfs 
peaks at much fainter absolute magnitudes l llsern et al. 12001 . 



with a lOGyr population peaking at My — 16.5, and a 14Gyr 
population peaking at M v ~ 19. With M v « 15, PM J 13420- 
3415 does not stand out as a typical remnant from early gen- 
erations of star. 

It has been shown that relatively young, high-velocity white 
dwarfs could originate in the thin disc, from which they can 
be ejected as companions of stars undergoing catastrophic 
disruptio n. A Type la supernova channel has been investi- 
gated by ( Hansen 2003 ). However, the resulting population of 
ejected white dwarfs is expected to have very few objects with 
transverse velocities in excess of 200 km s" 1 , which would 
make PM J 13420-34 15 an exceptional case. Likewise, most 
white dwarfs ejected following a Type II supernova events 
woul d have motions generally con sistent with a bloated thick 
disc jDavies. Kin g. & Ritter 2002). 

Alternatively, PM J 13420-34 15 could have been accreted 
into the Galaxy in a merger event. The polar orbit dis- 
played by PM J 13420-34 15 would, for example, be consis- 
tent with the st ar having been accr eted from the Saggitarius 
dwarf Galaxy (Johnston et al. 1999). Should this be the case, 
PM J 13420-34 15 could be associated with a local streamer. 
This hypothesis would be corroborated if a whole group of 
stars were to be found in the Solar Neighborhood with UVW 
velocities similar to PM J 13420-341 5. 

It must however be pointed out that a T e ff ks 5500K white 
dwarf does not preclude an old progenitor. PM J 13420- 
3415 could be the remnant of a moderately massive, 10- 
14Gyr old star that turned into a white dwarf only ^2Gyr 
ago. In that case, however, models predict that the white 
dwarf should have a mass between 0.45Mm and 0.50M Q 
Fontaine, Brassard, & Bergeron (2001). This could be tested 
through accurate parallax measurements, which would pro- 
vide a direct determination of the absolute magnitude of 
PM J13420-3415, and hence its current mass 5 . Indeed, 
mass determination now appears to be critical in determin- 
ing flie_ttij£_origjriof_white dwarfs with halo-like kinemat- 
ics (Berger on et a/12 005). A more precise distance combined 
with an accurate estimate of the mass of PM J 13420-34 15 
will thus be the key in determining the true origin of the star. 
The results may have significant implications about the white 
dwarf population in the Galactic halo. 
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5 Hypothetically, a massive white dwarf could also be compatible with old 
(MS+WD) age if it is the product of a merger of two low-mass degenerates; 



thanks to the referee (S. Vennes) for pointing this out. 
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